The problem of traffic organization on a railway line during the execution of civil works on super and sub-structures maintenance under the present conditions is becoming more and more difficult to solve, above all, due to the increased traffic intensity. In order to make decisions on indispensable measures to be taken under such circumstances, one needs information on train compositions and their delays, line capacity, facilities, etc. In order to obtain such information, it is necessary to use a computer simulation which significantly enhances the range of the problem to be solved and offers answers to the questions that cannot be solved by analytical models alone. The paper presents a simulation model of the trains' movement on a double-track line when one track is closed to traffic due to the work executions. Such model will provide a better quality of decision-making in the process of traffic organization under given circumstances.
INTRODUCTION
The problem of traffic organization on a railway line during the execution of maintenance work is as old as the railway lines themselves. As the time elapses, this problem is becoming more and more complex and important, primarily due to a constant growth of passenger and freight traffic intensity. Therefore, under the present conditions, it represents an extremely complex problem for the railways. This particularly applies to the underdeveloped railway lines network, where the possibility of diverging traffic to parallel lines is very limited [5] .
It should be stressed that the afore said particularly applies to the cases where works are of such nature that requires a number of days of track traffic closure. This group of works comprises all major works on track sub-and super-structures. In cases when it is possible to work during the intervals of partial track closure over the day, the problem in question becomes significantly different.
Problems of such nature significantly vary in relation to whether a single or double-track line is in question. When one track of a double-track line is closed, the basic question which directly affects the manner in which the problem is to be solved is whether it is possible to carry all the traffic on a single track, and if so, what the consequences can be. In order to reach such a decision, it is necessary to determine the number of trains valid for the line capacity assessment, maximum line capacity that can be achieved under the given conditions, magnitude of disturbances and/or delays taking place in train movements, etc. On that basis we determine the following: the number of trains that can be handled on one track, the number of trains that must be diverted to other lines (if possible), the number of trains that must be canceled, whether some trains should be coupled together and, if so, which ones, whether some other measures should be taken instead, etc.
Since in the real system some random magnitudes also occur, such as passenger train delays, time stretch of freight train arrivals on considered lines, etc. The solution of such problems cannot be obtained in advance by calculations. One of the possible imposed approaches in solving the mentioned problem is to design a simulation model [1] . If we carry out planned experiments on a model and analyzing the results, we can derive the values of indicators necessary for decision-making. In the real system, this means a lower line capacity, longer delays and higher disturbance for the same traffic volume. Stations "K" and "M" represent transit points from train movement on a double-track to a single-track line. These points (stations) represent an input and output, respectively, of the considered system [3] , [4] .
DESCRIPTION OF THE REAL SYSTEM
The complexity of the system is caused by the infrastructure system, on the one hand, and rules and regulations governing traffic/operations, on the other. The infrastructure system comprises a subsystem of stations (with tracks, signaling equipment, traction facilities, etc.) and the subsystem of open-line sections between stations with tracks and the applied systems of train sequencing (inter-station dependencies, automatic block system -ABS, etc.).
The traffic regulated control including grows significantly complicated by increasing the number of train categories and by transition to a two-way traffic on a single track. Everything said so far confirms the (expressed, statement we talk about a complex problem and that it cannot be resolved successfully by merely applying analytical methods. In order to achieve this, the application of modern methods is required [7] , [8] . This paper uses the method of computer simulation, because:
the experimenting on a model is more economic and ,in this specific case, the only possible, by computer simulation the impact of all factors on final results can be seen, which greatly facilitates for decision-makers to decide on the final solution.
DESIGN OF THE SIMULATION MODEL
In order to start designing a simulation model and modelling the train arrival times in transit points from a double-track to a single-track traffic as well, the following questions should be answered: Do trains arrive by timetable, or with delay? How many trains (passengers and freight) should be included in the simulation? Are train delays subject to law of distribution? Are there any differences in train delays by direction and by category? What is the ruling number of trains and how one should arrive at it? Is the distribution of the number of freight trains during the day a stationary process? Should the simulation of freight train arrivals be made separately by direction? Which type of priority conditions should be adopted?
In designing the simulation model, the following assumptions were made in order to simplify the considered real system (the real system we are considering).
Firstly, the problem is brought down to a single open-line section between stations with the works carried out. The trains are therefore observed only from the moment of arrival to transit points ("K" and "M") and from the double-track to the single-track line stretch.
Secondly, the criteria of traffic organization and control are set out so as to ensure the maximum line capacity, without disturbing the traffic safety:
The train speed is limited and adjusted to conditions of the work executions on the adjacent track and is the same for both passenger and freight trains. Train sequencing intervals and station intervals depend on the station and line fitness.
Trains are forwarded in bunches for the purpose of increasing line capacity. Passenger trains in departing bunch have priority over the freight ones.
In the bunch consisting of only passenger or only freight trains, the forwarding is made on the principle "first come -first served", i.e. leave the station.
Simulation of passenger train arrivals
If passenger trains on the considered line run exactly according to the timetable with minimum deviations, then the times of their arrivals onto the open-line section between stations where works are carried out can be taken to be according to the timetable. The passenger train arrival time for a given station and direction, respectively, is solved in the model by adding the simulated delay time to the normal arrival time. The train delay time on an intersection point of the line also depends on the station position (location) on that line. Therefore it is necessary to record the passenger train delays by direction for the considered line section where works are carried out in order to find the magnitude of delays (with frequencies), i.e., the possible regularity (distribution) of delays. Since the works are not carried out in winter, but during the construction season, the data should be taken from the same period.
Simulation of freight train arrivals
The number of freight trains per day can be observed in broad intervals of their timetable implementation rate. Well-developed railway administrations are characterized by high implementation rate while a low implementation rate appears in some less developed railway administrations. A lower implementation rate of freight trains sometimes results from the fact that some trains operate periodically and that such trains are canceled almost daily by a significant percentage in relation to the number provided in the timetable.
It is therefore necessary first to determine within what range variation of freight trains is possible. The mentioned interval should be determined according to the maximum number of freight trains during the previous year per month.
In addition to the number of trains coming up over the day during the work executions, the times of their appearance in transit stations for single-track traffic should also be established. In relation to our station's position on the line and the composition of trains thereon, the actual number of trains over the day by hour does not usually represent a stationary process. There are generally bunches of passenger and freight trains over the day. It is particularly noticeable on approaches to major towns where morning and afternoon peaks of passenger trains and night peak of freight trains can be noted.
One of the methods of simulation of appearance of freight trains is through empirical probabilities of appearance of trains over the day. Hence, this sample helps us establish relative frequencies and probabilities distribution function.
MODEL TESTING
The simulation model set was accomplished in GPSS/H simulation language [2] , [6] . The model's validity was tested on a concrete example, namely for the open line section between Martinci and Kukujevci on a double-track line Beograd -Sid.
Input data
The question of the ruling number of passenger trains taken for the purpose of simulation was resolved by taking the number of passenger trains according to the timetable for the given period of the work executions, since passenger trains provided in the timetable certainly operate.
A simulated time of passenger train delays to the considered stations is added to the regular times of their arrivals. Based on data available on train arrival delays for the stations in question, according to a 10-day sample, tests of the train delay distribution were made. According to the statistical data processing and to testing of hypotheses, the train delays occur by a shifted exponential distribution. The obtained distribution functions have the following shape and parameters by direction In the actual case, the line was equipped with ABS, with the 4 minute sequencing interval. Due to speed restriction, the sequencing interval is the same for all sequencing cases (passenger after passenger, passenger after freight, etc.). Should during the generation of train arrivals an interval between two consecutive trains be lower than 4 minutes, the other train arrival time is moved to 4 minutes after the preceding one. The station crossing interval is 1 minute.
Analysis of the simulation results
From the large number of simulation results, in this paper we have chosen to present the results of the cases with the equal number of freight trains by direction. Figure 2 presents an average delay per train (separately for passenger and for freight and altogether). It can be noted that the average delay on account of the work executions in transit stations increases by balancing the numbers of freight trains. Since the moment of balancing the number of freight and passenger trains, the freight train average delay increases steeply, resulting from the priority of passenger trains over the freight ones in a bunch, and in the station, respectively. With an increased number of freight trains, the percentage of delayed trains grows from 36% up to 62% (Table 1) . These data are presented in diagram in Figure 4 . In order to make a decision in such situations one should know the number of train bunches per day, as well as the number of trains in a bunch. Table_2 indicates that the number of bunches grows as the number of freight trains increases, where the percentage of the number of trains which passed the section in question was increasing significantly (the last column in Table 2 ).
The simulation results are in agreement with the recorded delays during the work executions on the considered line section, when the average delay was 5 minutes per train, the mean daily number of freight trains being 63. Table 3 shows the data obtained by simulation in the case of decreased sequencing interval (I s ) down to 3 min, in which case it is a "sequencing at yellow light". Obviously, there would be no reduction in delays in a significant amount, both in the numbers of delayed trains and in the average delay per delayed train. 
CONCLUSION
The paper presents a simulation model of train movements on a double-track line section under the conditions of one track traffic closure due to the work execution. The purpose of the simulation model is to determine the capacity of the considered line section and the key indicators of train operation disturbances in such situations. This is the way to obtain the necessary elements for decision making, first of all the number of trains that can be forwarded during the course of the work execution with the corresponding (simulated) delay.
Similarly, the simulation analysis contributes to obtaining data on the number of trains that must be canceled or diverted to other lines, or coupled together and if so, which ones, to controlling the traffic in order to diminish the disturbances, along with the highest possible line capacity, etc.
In order to obtain the most reliable simulation results, useful for decision-making, the analysis indicates that the model should also include the following: a separate simulation of passenger and freight train times by direction, the number of passenger trains taken from the timetable, at the time envisaged for the work execution, the arrival time of passenger trains taken from the timetable, and then simulated delay time added, the number of freight trains simulated within the limits of the number of trains which appeared in the ruling sample, the times of freight train arrivals simulated on the basis of recorded relative frequencies of the number of trains by hour over the day.
